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p of the normal in the following way: Suppose a light disturbance to start at any instant from a point P ; the ray surface is then tangent to all the wave fronts, i.e. it is the envelope of the wave fronts. Consider three elementary wave fronts the directions of whose normals are infinitely near to the direction of the line PN. Their intersection must then be infinitely near to the end point 5 of the ray PS which corresponds to the normal PN, since S is common to all three waves. The correctness of this construction will now be analytically proved. The equation of a wave front is
mx -j- ny -f- pz = V ......     (58)
If the point x, y, z is to lie upon an infinitely near wave front, the equation obtained by differentiating (58) with respect to m, n, and p will also hold. But these quantities are not independent of one another, since mz -f- «2 -f- /2 = I. According to the theorem of Lagrange (cf. above, page 321) there can be added to (58) the identity
fW + f* +/")=/, so that there results
mx 4- ny + pz +f(m* + ;z2 +/2) = V+f.     .    (59)
/is an unknown constant. Since this constant has been introduced into the equation, m, n, and p in (59) may be looked upon as independent variables, and the partial differential coefficients of (59) with respect to m, n, and p may be formed, namely,
'dV                      3F
But, from (18) and (43),
m
Similar expressions hold for — , -^— .    If the three equations (60) be multiplied by m, n, and /, respectively, and added, ittively, uniaxial.
